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ABSTRACT

This report discusses various aspects related to the use
and validity of the general purpose Monte Carlo code MCNP
for multigroup/adjoint calculations. The increased desire to
perform comparisons between Monte Carlo and determin-
istic codes, along with the ever-present desire to increase
the efficiency of large MCNP calculations has produced a
greater user demand for the multigroup/adjoint capabilities.
To more fully utilize these capabilities, we review the appli-
cations of the Monte Carlo multigroup/adjoint method, de-
scribe how to generate multigroup cross sections for MCNP
with the auxiliary CRSRD code, describe how to use the
multigroup/adjoint capability in MCNP, and provide exam-
ples and results indicating the effectiveness and validity of
the MCNP multigroup/adjoint treatment. This information
should assist users in taking advantage of the MCNP multi-
group/adjoint capabilities.



I. INTRODUCTION
A. Multigroup MCNP

The multigroup option in MCNP!? is a powerful method for a number of impor-

tant applications:

(1) comparison of deterministic (Sy) transport codes to Monte Carlo in general,
and MCNP in particular;

(2) utilization of adjoint calculations in problems where it is more efficient than
forward transport calculations, specifically problems where the detector re-
gion is relatively small and the source region relatively large;

(3) generation of adjoint importance functions to enhance calculational efficiency
in forward multigroup or continuous-energy Monte Carlo calculations;

(4) cross-section sensitivity studies;

(5) solution of problems with multigroup cross sections when continuous-energy
cross sections are unavailable; and

(6) charged particle transport using the Boltzmann-Fokker-Planck multigroup
capability.

Effective use of the multigroup method requires the availability of appropriate
multigroup cross sections. A standard multigroup set, MGXSNP, is available for
MCNP for coupled neutron-photon transport. However, this available set is not
suitable for all problems, and there is a need for users to be able to generate
multigroup libraries tailored to their specific applications. Further, comparisons
with deterministic codes and cross-section sensitivity studies require that the Monte
Carlo code utilize the same data as deterministic codes. Thus, a translator is needed
to generate MCNP multigroup cross sections from deterministic multigroup cross
sections. For these purposes CRSRD (a computer code that processes deterministic
multigroup cross-section libraries into a format suitable to MCNP) is available.

In the past, some discrepancies®* have been noted between MCNP multigroup
results and continuous-energy results. It was concluded that the representation of
the angular scattering distributions by the Carter and Forest equally probable step
function method in CRSRD was most likely responsible for the poor agreement.’
Thus, a new method of treatment for angular scattering has been developed and im-
plemented into CRSRD. It is believed that this new representation will significantly

reduce the aforementioned discrepancies.



B. Motivation

The main purpose of this report is to enhance the utilization of the multi-
group/adjoint capability in MCNP. To this end we describe the uses of the multi-
group/adjoint method, how to generate multigroup libraries with CRSRD, and
how to run MCNP in the multigroup/adjoint mode. We then provide examples
and benchmarks demonstrating the usage, applicability, and validity of the multi-
group/adjoint treatment in MCNP.

The second purpose of this report is to benchmark the MCNP multigroup/adjoint
capability. Although MCNP has been thoroughly benchmarked in the continuous
energy mode,5~9 it has not been adequately validated in the multigroup mode. Thus
we present a number of MCNP multigroup neutron, photon, and criticality calcu-
lations to compare MCNP multigroup results to deterministic codes, continuous-

energy MCNP, and experimental measurements.

C. Outline

This report is organized as follows: Section II describes applications for the
MCNP multigroup/adjoint capabilities. Section III describes the treatment of
multigroup cross sections in MCNP and presents the CRSRD computer code and
instructions related to its use. A discussion on how to use multigroup data in MCNP
for forward and adjoint calculations and for the generation of adjoint importance
functions is provided in Section IV. Section IV also presents several examples of
these capabilities. Section V investigates the validity of multigroup MCNP by
comparing results from multigroup MCNP, continuous energy MCNP, determinis-
tic codes (ONEDANT, !0 TWODANT,!! and THREEDANT,!?) and experimental
measurements for a relatively wide variety of problems. Section VI presents conclu-
sions. Appendix A contains information related to the MCNP default multigroup
cross-section library MGXSNP. MCNP input files are presented in Appendix B,
providing an unambiguous description of the example problems of Section IV. Fi-
nally, Appendix C contains a description of the format and contents of a multigroup
cross-section file that is readable by MCNP.



II. Applications of Multigroup/Adjoint Capabilities

The following is a collection of situations in which the various multigroup /adjoint

capabilities can be useful.

A. Code Comparisons

It is often desirable to compare deterministic Sy results to Monte Carlo results
to determine the adequacy of the deterministic model, and to identify potential
problems associated with deterministic transport (i.e., transport through optically
thick regions or voids and geometric approximations). However, to truly compare
the two methods, one must use the same cross sections in both calculations. Thus,
the Sy multigroup library must be processed into a format suitable for MCNP and
subsequently used in a multigroup MCNP calculation. This processing can be done
with the CRSRD code.

B. Calculational Efficiency

One of the inherent difficulties associated with Monte Carlo calculations is the
amount of computer time required to generate statistically converged results of suf-
ficient precision. This difficulty is especially pronounced in problems containing
optically thick materials and in problems that are geometrically large. There are
many ways in which a user can improve the precision of a Monte Carlo calculation.
These include: (1) properly choosing the tally size and type, (2) properly imple-
menting the applicable variance reduction techniques, (3) running additional histo-
ries, (4) executing the problem in the appropriate mode (i.e., forward or adjoint),
and (5) generating and utilizing either weight windows or an adjoint importance
function, where applicable.

The choice of a forward versus an adjoint calculation depends upon the relative
size of the source and detector regions. It is much easier to transport particles from
a small region to a large region than it is to transport particles from a large region
to a small region. Forward calculations transport particles from the source region
to the detector regions and are therefore preferable when the detector regions are
relatively large and the source region is relatively small. On the other hand, because
adjoint calculations transport particles backward (from the detector region to the
source region), adjoint calculations are preferable when the source region is large

and detector region is small.
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The adjoint option in MCNP can only be used in the multigroup mode. MCNP
is presently not capable of continuous energy adjoint calculations, Additionally,
MCNP is not presently capable of performing adjoint criticality calculations.

An accurate space-energy-dependent importance function can significantly in-
crease the efficiency of a calculation. MCNP offers two methods of generating such

importance functions; the forward weight window generator'®!4

and the multigroup
adjoint transport option. The weight window generator can be used with contin-
uous energy MCNP and generates a space and energy dependent weight window
importance function for up to 15 energy intervals. The multigroup adjoint option,
on the other hand, generates a space-dependent adjoint importance function for
each energy group in the multigroup library.

The principal problem encountered when using these generators is bad estimates
of the importance function because of the statistical nature of the generator.!* Un-
less a phase space region is sampled adequately, there will be either no generator
importance estimate or an unreliable one. Based on the discussion above concern-
ing the use of forward and adjoint modes, one can determine which method of

importance generation is best suited for a particular problem.

C. Cross-Section Sensitivity Studies

It is fairly well understood that multigroup cross sections are problem dependent
and that their generation is as much an art as a science. Thus, over the years,
a large number of multigroup libraries have been developed to meet the needs of
different types of calculations. For example, SAILOR.! BUGLE,!% and ELXSIR'?
are all multigroup libraries that are applicable to pressure vessel neutron fluence

calculations.1®

It is an accepted practice to choose and utilize one of the many “off the shelf”
multigroup cross-section libraries based on the group structure, the weighting or
collapsing function used, and the intent of whoever generated the library. The
majority of the “off the shelf” libraries have been thoroughly tested, and thus, this
practice has, in general, produced good/acceptable results. However, one must
choose the multigroup library for a particular application intelligently.

Often, due to poor documentation and/or oversights by the library creators or
for reasons related to quality assurance, questions and uncertainties related to the

applicability of particular libraries arise, and one would like to have the ability to



compare the performance of a multigroup library to that of continuous energy sim-
ulation and/or other multigroup libraries. This type of analysis can be performed

with the aid of the continuous energy and multigroup options in MCNP.

D. Continuous Energy Cross-Sections Unavailable

MCNP offers an extensive selection of continuous energy cross-sections with re-
spect to the number of available isotopes and with respect to the origin of the data.
Nevertheless, situations arise occasionally in which users require cross-section data
(typically for either uncommon isotopes or material homogenizations) that are not
presently available within the many MCNP continuous energy libraries. For exam-
ple, MCNP has only a limited fission product cross-section data set available and
some important isotopes for some applications, such as germanium and iodine, are
missing. To overcome this problem, the user must find an appropriate multigroup
library that contains the desired cross-section data. It is currently not possible to
use both continuous energy and multigroup cross-section data in a single MCNP
calculation. A problem requiring cross-section data that is not available to MCNP
in continuous energy form must be run using only multigroup data. Hence for this

type of application, the multigroup option in MCNP is a necessity.

E. Charged Particle Capability

Although MCNP has charged particle transport for electrons, the physics is miss-
ing for other charged particles. However, charged particles can be run in MCNP
provided the appropriate multigroup charged particle library is available. MCNP
has a Boltzmann-Fokker-Planck treatment in its multigroup physics allowing for
straight-ahead scattering and continuous slowing down in addition to Boltzmann
scattering. Because all the physics of charged particle interactions is buried in
the multigroup cross-section library, MCNP does the transport as if the particles
were neutrons. All the printouts and summary tables appear exactly as they would
for a neutron problem, and thus the charged particles are really masquerading as
neutrons. To our knowledge, MCNP is the only major Monte Carlo code with
an adjoint charged particle capability. The multigroup option is the only way to
run charged particles other than electrons in MCNP. It is currently available as
a research tool and will not be further described. Contact X-6 group for further

information on this capability. The theory for this method is described in Ref. 29.
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III. GENERATING MULTIGROUP LIBRARIES WITH CRSRD

The CRSRD computer code was developed to read multigroup cross-section files
in a variety of formats and to reformat and translate the data into a form acceptable
to MCNP. Currently, CRSRD is able to read and process card-image data libraries
written in DTF, fixed field FIDO, and the binary AMPX Working Library formats
as well as the Los Alamos specific MENDF format. The code, however, is quite
a bit more lengthy than one might have expected for a simple conversion utility.
The reason for this length is the generality with which it was written, providing
the user with many options for input. CRSRD was also written in such a way that
a new user should be able to easily modify it to read another format or modify it
to manipulate the data for producing the MCNP Type 1 (ASCII) cross-section file.
A more detailed description of CRSRD and its input structure will be provided
later in this section. First, though, a description of multigroup cross sections and
how they are used within MCNP will be provided as background for the user and
as insight into CRSRD. This description will be followed by a brief description of
the angular treatments available in CRSRD and MCNP for handling the Legendre

expansion terms in the multigroup cross-section sets.

A. Multigroup Cross Sections

Multigroup cross sections, as they are used in deterministic codes, can be defined
in many different ways. This is especially true of the absorption cross section which
may or may not include fission and may or may not have (n,2n) and similar reac-
tions subtracted from it. In order to help the user better understand the CRSRD
program, a discussion on multigroup cross sections will be provided.

For the purposes of this discussion we will assume that a multigroup library is
available that contains only the following cross sections:

oJ. microscopic total cross section for group g

v * % microscopic fission cross section for group g multiplied by nu for
group ¢
o’ microscopic absorption cross section for group g
!
#2377 microscopic scattering cross section from group g to group ¢’
We will also assume that these cross sections were calculated from the following

reaction cross sections in a manner to be described later.



(elastic) microscopic elastic scattering cross section from group g to group q
(n,~) microscopic (n,y) reaction cross section for group g¢; also referred to
as the capture cross section
(n,n') microscopic (n,n') reaction cross section for group ¢
(n,2n) microscopic (n,2n) reaction cross section for group ¢
(n,3n) microscopic (n,3n) reaction cross section for group g
(n,f) microscopic fission reaction cross section for group g
(n,n'f) microscopic (n,n'f) reaction cross section for group ¢

(n, 2nf) microscopic (n,2nf) reaction cross section for group g

The total, fission, and scattering cross sections are defined in the following manner

using the reactions listed above.

aé’,« = (elastic) + (n,7) + (n, n'}+ (n,2n) + (n,3n) + (n, f) "
1
+ (n,n'f) + (n,2nf)

0% = (n, ) + (m,n'f) + (n, 20f) (2)

ag_’gl = (elastic) + (n,n'f) + 2 * (n,2nf) )
3
+ (n,n') + 2% (n,2n) + 3% (n,3n)

It is important to note that the scattering cross section includes the other modes of
neutron production besides fission. This inclusion is done to combine the angular
distribution data for elastic scattering with the angular distribution data for these
other production processes into one cross section.

The absorption cross section can be defined in many different ways but the three

most popular ways are as follows.

oh = (n7) (4)
0% = (m7) — (') — 2% (n,20) = (1, 20) — 2% (1, 3n) (5)
0% = (n,v) - (n,n'f) —2x(n,2nf) — (n,2n) = 2% (n,3n) + o% (6)



The latter equation can be rewritten as
U?‘l = (TL, 7) - (n’2n) — 2% (’I’L, 3”) + (’I’L, f) - (nvznf) (7)

Equation 4 is the capture cross section while Eq. 5 is used to preserve cross-section

balance in the sense that
o =0 +oh+ ag_tOt (8)

where

g—tot __ ZG Ug—»g'
Og - g'=1 S

Most deterministic codes and many cross-section sets only use v * ¢%. In this
case the fission cross section is not available and Eq. 6, is used to preserve the
balance. These different ways for defining the cross sections can create a problem
for MCNP. For example, MCNP requires that v and o% be separate. Therefore, in
the development of CRSRD certain issues had to be addressed.

1. How are v and 0% calculated from v * o% if neither is available ?

2. If the absorption cross section includes fission, is this a problem and how 1s
it resolved 7

3. If the absorption cross section is negative (this can occur if absorption is

defined according to Egs. 5 or 6) is this a problem and how is it resolved ?

In order to answer these questions the use of multigroup cross sections within
MCNP will be described so a user can better understand the mechanics of the
Monte Carlo transport within MCNP. This discussion is primarily focused on for-

ward neutron transport but is applicable to photon and possibly charged particle

transport.

B. MCNP Forward Multigroup Treatment

The MCNP multigroup treatment uses only the absorption, fission, scattering,
and total cross sections in the transport. In criticality calculations and when the
user includes a NONU card, the fission event is treated strictly as a capture event

and no new particles are produced. Capture, itself, can be handled in two fashions,
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either analog or implicit. In analog capture the particle is actually terminated if a
capture event occurs. With implicit capture, the particle’s weight is simply reduced
by an amount equal to the original weight times the ratio of the capture cross section
to the total cross section, and the particle survives. (For a more detailed discussion
of analog versus implicit capture refer to the MCNP manual.!) The combination
of implicit and analog capture and the option of treating fission as capture or real
results in four possible combinations that will be discussed in further detail.

During this discussion, the weight of a particle should be loosely interpreted as
the number of particles. The important point in the transport of particles is that,
on average, the number of particles emerging from all possible reactions at a given
energy be correct. In other words, the outgoing weight of the particle should reflect
the net increase or decrease in particles due to all possible reactions at a given
energy.

In MCNP, the following events occur in the sampling of a collision.

1. Distance to collision is calculated using the total cross section for a material
(a combination of isotopes).

2. The particle is transported to the collision site.

3. The specific isotope within which the collision occurred is sampled. The
sampling is based on the macroscopic total cross section for each individual
isotope and the macroscopic total cross section for the material.

4. The capture event for the chosen isotope is sampled. If analog capture is in
effect, the capture is sampled, and if chosen, the particle is terminated. If
capture is not chosen, then no weight change occurs. When implicit capture
is in effect, then the weight of the particle is automatically reduced by the
appropriate amount and transport continues.

5. If a particle survives the capture event, fission is sampled if possible.

6. If fission is not possible or is not chosen, scattering is sampled.

Table I presents the various events that occur in MCNP when analog capture is
used and fission is treated as capture, as well as the associated probabilities and

weight adjustments.
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TABLE I
A Description of the Events that Occur
when Analog Capture is Used

and Fission is Treated as Capture

Weight before capture WGTorig
g g
Probability of capture Z :Ta
Weight after capture if it survives WGTorig
Fission Scatter
g9 9
Probability 0 1 Zatre
. . gd—tet
Num. particles emerging 0 P
from event
-tot
Weight adjustment 0 agaT
(Prob.)*(Num. particles)
. . gd—tot
Final weight WGTorig * —57%——

The final weight, therefore, is equivalent to the original number of particles times
the net number of particles emerging from a collision of a single particle with an
isotope. Consulting Eq. 3 will help assure the user that the final weight listed in
Table I is correct. It is important to note here that the absorption cross section
does not play a direct role in the weight emerging from the collision. However,
problems will arise in the transport of particles if 0% + 0% < 0. This situation can
arise when the fission cross section is zero and absorption is defined according to
Eq. 5 and (n,2n) or similar reactions have higher cross sections than (n,v). This
interpretation is especially true in Deuterium and Beryllium at the higher energies.

In order to better understand the implications of Table I, the method used in

MCNP to determine if a capture event has occurred is shown below.

1) tmp = RN o,

where RN is a random number between 0 and 1 and tmp is a dummy variable

2) if o9 + 0% >tmp
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then a capture event has occurred

In this case one can see that if 0% +0% < 0, then a capture event will never occur.
This problem is not serious by itself. However, the next event to be sampled will
be scattering, and the number of particles emerging from the scattering event will
be one, according to Table I. This is because ¢ is defined according to Eq. 5 and
the cross-sections balance. A single particle emerging from this scattering event is
incorrect, and no adjustment is made elsewhere. The result is incorrect transport
of particles with no resulting fatal error, simply incorrect answers. The solution to
this problem is to set the negative absorption cross section to zero to assure that
o + o% is never less than zero.

The exact manner in which MCNP handles the scattering is different from that
represented in Table I. The final result after a collision occurs 1s basically as repre-
sented in the table except the actual mechanics of the scattering are different. The
method MCNP uses for scattering and fission does not result in any weight increase
to the particles. Rather a certain number of particles are all started with the same
weight, and the net effect is as presented in the table. The exact method MCNP

uses for scattering is:

1) tmp = 0% — 0% — 0%
o_g—tot

2) num = int(RN + ——)
tmp

where num is the number of particles created from the scattering event all at the

same weight WGT,,i, and for fission it is:

1) tmp = RN * (¢%. — %)
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2) if 0% > tmp

then a fission event occurred

3) num = int(RN + v)

where num is the number of particles created from the fission event all at the same

weight WGTorig

Table II describes the processes that occur and their associated probabilities and
weight adjustment for a problem run with implicit capture and fission treated as
capture. In this particular case 0% + 0% < 0 does not create a serious problem;

however, it is of significant enough interest to warrant further discussion.

TABLE II
A Description of the Events that Occur
when Implicit Capture is Used

and Fission is Treated as Capture

Weight before capture WGT,rig
Weight after implicit capture WGThew = WGTorig * (1 - .‘Lia_‘l;i’i)
T
Fission Scatter
Probability 0 1
. . gd—tot
Num. particles emerging 0
Ip=94=%F
from event
og—!at

Weight adjustment 0
(Prob.)*(Num. particles)

R
Op=0a~%F

Final weight WGTfinal = WGThew * (_!z‘%:;o—t'T)

Ir=04—%p

ag—tot

= WGTori + ()

In order to illustrate what can happen when ¢ + ¢% < 0 and implicit capture

is performed, the following cross sections will be used.
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o ol =0.5 - capture as defined by Eq. 4
o %, =00

e 07.=10.0

o o4 =400.0

Three possible scenarios will be explored. The first is when 0% = o, the second
has 0% = —390.0, while the third scenario has 0% = 0.0.

Case 1 0% =0.5
WGThew = WGT,rig * 0.99875
Number of particles emerging = 42.1, each with weight
WGTorig * 0.99875
Case 2 o% = —390.0
WGTpew = WGTrig x40.0
Number of particles emerging = 1.0
Case 3 0% = 0.0
WGThew = WGTorig
Number of particles emerging = 40.0, each with weight WG,

It is obvious that all three of these different cases will produce the same net weight.
However, a different number of particles will be generated in each case. Cases 1
and 3 will both result in the “bank” filling up very quickly and overflowing to a
backup file. This overflow will not affect the answers, but the efficiency of the
calculation may drastically drop compared to the Case 2 scenario. However, the
Case 2 scenario will result in a large weight increase which may adversely affect
the weight game if variance reduction techniques are used. Therefore, the user has
been provided with the option in CRSRD to either set negative absorption cross
sections to zero or leave them unaltered. If they are left unaltered, the user must
NOT use analog capture as this will result in incorrect answers, and NO warning
messages will be given.

In Table II a serious problem can arise if ¢% + o% > or. In this particular
case WGT,ew would become negative. This negative weight particle would then
be terminated immediately in the weight cutoff game. The result is an incorrect

representation of the scattering event because it would never occur. Again this sort
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of error would not be evident in MCNP except that the answers would be incorrect.
Usually this problem will not arise; however, if o’ is defined according to Eq. 6 and
c% is non negative or v * o% is inadvertently used for o%, then this problem does
manifest itself.

Tables IIT and IV present the interactions and the associated probabilities and
weight corrections for the cases of analog and implicit capture being used when
fission is treated as real. Analysis of these tables indicates that problems can arise
if 0% is less than zero for the analog case and if 0% > o¥. for the implicit case. The
problems will manifest themselves in that the scattering interactions will not be

sampled properly. These problems are basically identical to the ones discussed for
Tables I and II.

TABLE III
A Description of the Events that Occur
when Analog Capture is Used

and Fission is Treated as Real

Weight before capture WGTopig
Probability of capture %‘3‘
T
Weight after capture if it survives WG Torig
Fission Scatter
Probabili a9 a? o’ ad
robability (1—;;}‘)*(;;—_{’7%-) (1—;;}’)*(1——41—&1—%_“)
Num. particles emerging v s
Gr=0a~%F
from event
. . a9 ag—lot
Weight adjustment v (%) =
T
(Prob.)*(Num. particles) )
. . vagd fodtot
Final weight WGTorig * (—Egs—

9r
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TABLE IV
A Description of the Events that Occur
When Implicit Capture is Used

and Fission is Treated as Real

Weight before capture WGTorsg
3
Weight after implicit capture WGThew = WGTorig * (1 - i;-;t)
Fission Scatter
o ¥ ol
Probability ;g-f;a- 1- 73:%{
. R Ug—!ot
Num. particles emerging v ST=oT o7
from event
g g—tot
Weight adjustment v* ((—732_{’7%-) :T“’A
(Prob.)*(Num. particles)
—tot
Final weight WGTyinat = WGTney * (22T —
T A

= WGTopig + (LZEEA—)

97

The important point that can be derived from the tables presented is that v*o%,
ag—tat, and of. are the only cross sections that are vitally important for the proper

transport of particles, assuming certain conditions are met concerning 0194.

C. How CRSRD Handles Cross Section Problems

Multigroup cross-section libraries differ significantly in both content and arrange-
ment. CRSRD, must therefore, be able to properly handle the different ways in
which it receives the data. An excellent example is that many libraries only provide
v+ 0%, therefore this has to be split by CRSRD into its separate components. Also,
CRSRD has to be able to determine if there are problems with the cross sections,
and if so, how to correct them. As discussed earlier, problems can arise in the

MCNP transport if any of the following conditions occur.
16



o o5 +o%> of. for fission being treated as capture

. ai + 0% < 0 for fission being treated as capture and analog capture used
¢ % > of for fission being treated as real

o oY < 0 for fission being treated as real and analog capture used

CRSRD has three different methods of determining v and ¢% from v * 0% when
the latter is the only reaction available. They are listed in the order in which they

are used.

1. If a% is available as a reaction, it is used to calculate vi,tal-
2. If vipta1 OT Vprompt are provided by the user or listed as a reaction, then they
are used to calculate a% (Vtotal being used before Vprompt)

3. A value of 2.5 is used for vysq and a% is then calculated.

CRSRD has been written to correct any of the problems mentioned above and
to split v * 0% into its separate parts when required. Since other formats may be
different in the information they contain, the user who wishes to add an additional
capability of reading a different format to CRSRD must be aware of how that
format is defined.

Table V illustrates how CRSRD handles the potential problems that can arise in

processing multigroup cross sections.

TABLE V
A Description of How CRSRD Handles Potential

Cross Section Problems

Problem Usually Occurs When Solution
o + o > 0% c% is non zero and subtract of
is included in o from o
o +0% <0 0% is zero and user option to set
(n,2n) > (n,v) o’ to zero
o <0 (n,2n) > (n,7) user option to set
o’ to zero
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D. Legendre Series Representation in MCNP

The Legendre series expansion used by deterministic codes to represent the an-
gular scattering information is not suitable for direct use in MCNP. This problem is
because the scattering function, as represented with the Legendre expansion, is not
everywhere positive over the range —1 < p < 1. If it were used directly, negative
weight particles might be created which could adversely affect the stability of the
answers. Therefore, the expansion must be converted into a form usable by MCNP.
There are two methods of performing this conversion on the Legendre expansion.

The first method is to create discrete scattering angles based on a conservation of
the moments. The second is to create equi-probable scattering bins also based on a
conservation of moments. The discrete angle approach has been used in other Monte
Carlo codes but can result in problems for certain scattering media due to “ray-
effects.”!® Another disadvantage to discrete angles is that in some codes, MCNP
included, point detectors do not work with this angular representation because the
point detectors must be able to sample from an angular distribution. There are two
algorithms for calculating the discrete angles in CRSRD. The first, and most widely
used, was borrowed from MORSE and will be referred to as the MORSE method.
The second algorithm is the RADAU treatment. This treatment is primarily used
for heavily forward peaked scattering as can be found in charged particle transport.
This treatment is only recommended for the user who is familiar with its proper
use because the total cross section is adjusted when this treatment is used.

There are two methods available for calculating the equi-probable scattering bins.
The first was developed by Carter and Forest and is based on conservation of the
moments. The second method was developed by Baker and is referred to as the
Maximum Entropy approach.’ This approach calculates a new scattering function
which is everywhere positive and then uses this function to calculate 32 or less
equi-probable bins.

Table VI lists the number of discrete angles or equi-probable bins that are pro-
duced from a Legendre expansion of order L using each of the methods discussed.

When only PO cross sections are present, isotropic scattering in the lab system
occurs. In this case, CRSRD will not execute any of the angular distribution
routines since they are not appropriate. Rather, CRSRD will put the appropriate

information on the Type 1 cross-section file indicating isotropic scattering.
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TABLE VI
Number of Discrete Angles or Equi-Probable Bins
Produced by the Various Methods Available in
CRSRD as a Function of Legendre Order L

Method Number of Angles Restrictions
or Bins Produced

MORSE L for L odd L>1
L+ 1for L even

RADAU L+2for L odd L>1
L+ 3 for L even

Carter-Forest L-1 L>2

Maximum Entropy <32 L>1

A special situation arises when only PO and P1 scattering cross sections are
available. In this case, the MORSE treatment will produce one angle and that
angle will be:

g—g’
p=0g_ Pl/aS Po

The RADAU treatment will produce three angles, but these are only applicable for
the charged particle treatment.

Even though Table VI says that the Carter and Forest treatment only works for
L > 2, it will execute with a Legendre order of one. In this case this treatment also
returns Ti as its value. However, there is a fundamental difference in what MCNP
will do with the 7 calculated by the MORSE treatment and the one calculated by
the Carter and Forest treatment. If the Carter and Forest treatment was used,
the parameter isang (refer to Appendix C) in the MCNP cross-section file will be
set to zero, indicating equi-probable bins are used. If the MORSE treatment was
used, then isang will be equal to one, indicating that discrete angles are used for
the scattering. MCNP will work fine if isang is equal to one and there is only one
discrete angle present. However, the results may not be very reliable because of
this crude approximation for the angular distribution from scattering. If isang is
equal to zero and there is only one value present for the equi-probable bins (),

then MCNP will use a method different from the equi-probable bins to calculate
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the scattering angle. The angle will be calculated from equations which utilize a

random number as described below.

if @ > 0 then
p=1.—2.«RN* (1. -T7)
if @ < 0. then

p=1.42xRNx* (1. +7%)

The Monte Carlo code KENO uses similar expressions to handle the case of
P1 scattering. These expressions can be easily incorporated into MCNP if a user
wishes to match the KENO treatment. The changes should be made in “function
scat” and it should be fairly straightforward to change the above expressions to the
KENOQ expressions listed below.

if 7] > = then
3
p=RN*(1-|g))+FE (9)

if 7 < = then

Wl

p=(\/146%RN «T+ (377 - D/(3+7)

where RN is a random number between — 1 and 1

In general it is recommended that the Maximum Entropy approach be used for
doing the angular scattering conversion from the Legendre expansion to something
usable by MCNP. More importantly, though, users should be aware of what an-
gular representation they are using and the possible ramifications. When doing
multigroup transport, it is vital that users examine the results closely to assure
themselves that the results are reasonable and to determine the applicability of
both the cross-section library they are using and the angular representation they

choose.
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E. CRSRD Input

CRSRD uses free field input with some simple restrictions. Integer values must
be entered as integer; CRSRD will give a warning or fatal error if a non-integer 1s
entered and an integer was expected. There are certain character items that must
be entered and others that are optional. CRSRD will automatically convert all
character items to lowercase before utilizing them. The following items, however,
do not undergo a case conversion when read: file names, material identifiers, and
the cfs directory name. CRSRD distinguishes one item from another by either a
blank space, a comma, or an equal sign. Therefore, the latter two items cannot be
used in a file name or material identification.

The input is broken into two or three sections depending on the cross-section file
format being read. The first section contains the general information and command
items. The second section (not used by all cross-section files) contains either the
group boundaries or energy centers and widths. The third section contains the list
of ZAIDs to be processed. The specific information for file “inp”, as required by
CRSRD, is discussed below.

At the end of this section there are a few examples of CRSRD input and output
files. One of these is for a FIDO format coupled neutron-photon library, and another
is for the Los Alamos specific MENDF format. It might be helpful to a user to
refer to these examples while reading the description of the input format.

The input for CRSRD is of the form “keyword = value” with a few exceptions.
Before processing of the data, CRSRD will check the consistency of the input and
print any errors it finds. It may not catch all possible errors, but it should catch
most. Table VII lists the data files CRSRD requires and creates. Actual file names

are presented in quotes while the variable which holds the user-provided name is

not quoted.

F. Input Cards

The various keywords used in the CRSRD input are listed along with the ap-
propriate values, their meanings, and any default values. Following each keyword,
in parentheses, is the type of value required (character, real, or integer) and the
cross-section formats for which this card is valid.
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TABLE VII
A List of the Files Required and Created
by CRSRD

File Name User input or Description
CRSRD created

inp User Name of the input file which
the user must provide

“out” CRSRD Name of the output file CRSRD
creates - this file contains
diagnostic information

“xsproc.out” CRSRD Name of another output file
created by CRSRD - this file
contains diagnostic information from
the angular processing routines

“mgdirl” CRSRD Name of the new xsdir file
created by CRSRD

Xsinp User Name of the cross-section data
file CRSRD will read - this item is
provided by the user in “inp”

typel CRSRD Name of the Type 1 cross-section file
CRSRD will create - this item is
provided by the user in “inp”

1. Section 1 - DTF, FIDO, MENDF, AMPX

This section of the input file contains the keywords and values for optional and

required information.

The first line in the input file must contain the following information

Item 1, Item 2 (character, DTF, FIDO, MENDF, AMPX)

Item 1 Name of the cross-section file to be read (10 char max)

Item 2 Format of the cross-section file

e DTF

e FIDO

e MENDF
e AMPX
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After the first line, all of the input is of the form “keyword = value.” The

following is a list of keywords and associated values.

cfs = 77 (character (70 char max), DTF, FIDO, MENDF, AMPX)

22 is the CFS directory name where the user will store the Type 1 output
file (refer to the MCNP manual for more information)
default = 0

typel = ?? (character (10 char max), DTF, FIDO, MENDF, AMPX)

2?7 is the MCNP Type 1 output file name
default = “Typel”

xcon = ?? (real, DTF, FIDO, MENDF, AMPX)

?? is the Maximum Entropy convergence criteria
default = 1.0E-03

ixprnt = ?? (integer, DTF, FIDO, MENDF, AMPX)

7?7 = 0 - Error messages only from Maximum Entropy routines

?? = 1 - Error messages and corrected moments messages from
Maximum Entropy routines

?? = 2 - All messages and bin boundary plot data from
Maximum Entropy routines - the output for the bin
boundaries will appear on a file called “maxbin”
default = 0

i2lpl = ?? (integer, DTF, FIDO, AMPX)

7?7 = 0 - the 2% [ 4 1 factor is NOT included in sigma scattering
7? = 1 - the 21+ 1 factor IS included
default = 0

NOTE: The option should probably be used when processing AMPX and ANISN
formats. ANISN formats can appear as fixed field fido.

iterm = 7?7 (integer, FIDO)
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22 = 0 - terminator cards are present at the end of the cross-section data for
each isotope - terminator cards are “t” or “T”

22 = 1- terminator cards are NOT present at the end of the cross-section data
for each isotope
default = 0

iskip = ?? (integer, DTF, FIDO)

27 is the number of lines to skip in the cross-section file before reading the
actual data
default = 0

ilen = ?? (integer, DTF, FIDO)

2?7 is the number of cross-section data for a single group

default = none

itpos = ?? (integer, DTF, FIDO)

7?7 is the position of the total cross section

default = none

ispos = ?? (integer, DTF, FIDO)

7?7 is the position of the within-group scattering cross section

default = none

ititl = ?7 (integer, DTF, FIDO, AMPX)

27 = 0 - title card for the isotopes in the cross-section file is NOT present

7?7 = 1 - title card is present

27 = 2 - title cards are present but not used (further discussion under section
3)
default = 0

iengb = ?? (integer, DTF, FIDO)

7?7 = 1 - energy group boundaries are provided

77 = 2 - energy group centers followed by energy group widths are provided

default = none

jincp = ?? (integer, DTF, FIDO, MENDF, AMPX)
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22 number of incident particles on cross-section file - maximum number is 2
Do i=1, 2*iincp
if(i.le.iincp) then enter the number of groups associated with particle 1
if(i.gt.iincp) then enter the particle type of particle i—iincp
0 = other
1 = neutron
2 = photon

default = none

For DTF and FIDO files, this card determines if a coupled library is to be split
into separate libraries on the Type 1 file. Currently, only coupled neutron-photon
libraries can be split. As an example, assume that the cross-section file is a coupled
42 group library (30 neutron groups and 12 photon groups). If the card looks like:
iincp=1 42 0

then the 42 groups will be treated as a single particle designated as other. If,
however, the card looks like:

iincp=2 30 12 1 2

then CRSRD will interpret this to mean that there are 42 groups total on the
library, the first 30 groups are neutron, and the remaining 12 groups are photon,
and these cross sections will be split into separate neutron and photon libraries on
the Type 1 file. (see further discussion below concerning atomic weight ratios)

When processing an AMPX file, iincp must equal the number of particles rep-
resented on the file, and the corresponding number of groups must be properly
entered. If a user does not wish to have an AMPX file split into separate particles
on the Type 1 file then the icoup card should be used.

This card has a slightly different meaning for the MENDF file format. If iincp is
equal to one, then only the neutron file will be read. If, however, iincp is equal to 2,
then the photon library will be read as well. The file name for the MENDF photon
library is “mendf5g”. This name can be changed in the CRSRD code if desired.
ipn = 7?7 (integer, DTF, FIDO)

?? 1s the Legendre order L
default = 0

iang = ?? (integer, DTF, FIDO, MENDF, AMPX)

25



29 = —32 to 0 - the Maximum Entropy approach will be used to convert the
Legendre expansion to equi-probable bins. If the value is less than 0 then
the absolute value of that number will be the number of bins created. If
the value is 0 then 32 bins will be created.

7?7 = 1 - MORSE discrete angle treatment

7?7 = 2 - RADAU discrete angle treatment

7?2 = 3 - Carter and Forest equi-probable bin treatment
default = 0

iball = 77 (integer, DTF, FIDO, MENDF, AMPX)

27 if this value is not equal to 0, that indicates that a cross-section balance is
to be performed and the value entered is the number of different particles
represented on the cross-section file - no maximum number

Do i=1, iball enter the number of groups associated with each particle
default = 0

If a cross-section balance is desired, then the user must enter the number of groups

belonging to the different particles on the cross-section file. Entering the number

of groups does not affect whether coupled libraries are split into separate libraries

for each particle. This data is needed so that CRSRD can exclude scattering cross

sections from one particle to another that should not be considered in the cross-

section balance. As an example, assume that the cross-section file is a coupled 42

group library (30 neutron groups and 12 photon groups). If the card looks like:
ibali=1 42

Then the scattering cross sections from the neutron groups to the photon groups

will be incorrectly included in the balance of the neutron cross sections. However,

the following card would be correct.

ibali=2 30 12

nabs = ?? (integer, DTF, FIDO, MENDF, AMPX)

7?7 = 0 - negative absorption cross sections will be set to zero
7?7 = 1 - negative absorption cross sections will not be altered
default = 0

nall = ?? (integer, MENDF)
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27 = 0 - process individual ZAIDs as listed in the input file

27 = 1 - process all ZAIDs on cross-section file/s - ZAIDs are not listed in the
input file
default = 0

icoup = ?? (integer, MENDF, AMPX)

22 = 0 - if coupled neutron-photon MENDF or AMPX libraries are being
processed, then the neutron and photon cross sections will be split into
separate libraries on the Type 1 file

772 = 1 - if coupled neutron-photon MENDF or AMPX libraries are being
processed, then the neutron and photon cross sections will NOT be split
into separate libraries; rather, all data will be kept on a single library
and the particle type will be denoted as neutron
default = 0

nchi = ?? (integer, MENDF)

22 = 0 - total chi values will be used from the MENDF file
77 = 1 - prompt chi values will be used from the MENDF file
default = 0

iproc = ?? (integer, DTF, FIDO, MENDF, AMPX)

?? = 0 - cross sections that are unbalanced will be skipped
2?7 = 1 - cross sections that are unbalanced will be processed anyway
default = 0

2. Section 2 - DTF, FIDO
LINE 1
“energy”

The character string “energy” (without the quotes) marks the beginning of sec-
tion 2.
FOLLOWING LINES

If iengb = 1, then the energy group boundaries are listed in free field input for
particle 1. The number of entries is equal to the number of groups plus one and
the values must be entered in MeV. If iincp is equal to two, then the energy group

boundaries for the next particle begin on a new line immediately following the

group boundaries for the previous particle.
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If iengb = 2, then the energy centers followed by the energy widths are listed in
free field input for particle 1. The number of entries for the energy centers and
the number of entries for the energy widths are equal to the number of groups for
particle 1. If iincp is equal to two, then the energy centers followed by the energy
widths for the second particle begin on a new line immediately following the energy

centers and widths for the previous particle.

3. Section 3 - DTF, FIDO, MENDF, AMPX

This section contains the list of materials to be processed from the cross-section
file. Various information is needed depending on the file format being read. If the
format is DTF, FIDO, or AMPX then the ZAID, atomic weight, and material id (if
title cards are present and being used) are entered on a line. CRSRD knows which
item is which by its location within the line. Optional information can be added
on this line and extra lines as described below.

The material id (if entered) is used to locate the appropriate isotope within the
cross-section file. If material ids are not used then the first ZAID in the input file
will automatically correspond to the first cross section on the cross-section file, the
second ZAID to the second cross section, etc. When processing AMPX libraries,
the material id should be the identifier of the set being processed (this is word 19
on the nuclide directory record).

If the file format is MENDF, then only ZAIDs need to be entered. A separate
ZAID must be entered on each line. The optional information is not applicable
either.

The following is a description of the information which can be entered for each
material to be processed. The information is displayed according to lines of input
and the variables which are filled by the values on that line. Items displayed in
quotes are character items that are entered literally.

LINE 1

“materials”

“materials” this entry must be present in order to mark the beginning of Sec-

tion 3.

LINE 2

matid zaid atw “ipn="7? “patw="7??

matid (DTF, FIDO, AMPX)
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Material id on the cross-section file being read. This item is present only if
itit]l = 1. matid can have a maximum of 15 characters and must not contain
blankspace, commas, or equal signs as these are used as delimiters.

zaid (DTF, FIDO, MENDF, AMPX)
User chosen ZAID of the form zzaaa.xx - must not contain characters and
must be a number greater than or equal to 1000. Refer to the MCNP
manual! for a description of ZAIDs.

atw (DTF, FIDO, AMPX)
Atomic weight for zaid - the atomic weight ratio will be calculated from
this atomic weight and included in the atomic weight ratio table at the top
of the XSDIR file. More information concerning the atomic weight ratios
is provided later, and additional information can be found in the MCNP
manual.}

“jpn="7? (DTF, FIDO)
Legendre order of this particular isotope if different from previous isotope.
The ipn value entered in Section 1 is used until this item is entered on a line.
This ipn value then remains in effect until changed. This item is optional.

“patw="7? (DTF, FIDO, MENDF, AMPX)
Atomic weight to be used for the photon portion of this cross section if this
is a coupled neutron-photon library which is going to be split. In most cases
this atomic weight should correspond to the atomic weight of the naturally
occurring isotope. Only one photon atomic weight needs to be entered for
each atomic number. However, if only one photon atomic weight is entered
per atomic number then it must be associated with the first occurrence of
that atomic number. If a photon atomic weight is not entered for a particular
atomic number, then neutron atomic weight associated with the first occur-
rence of that atomic number will be used incorrectly as the photon atomic
weight. For more information refer to the discussion on atomic weights be-
low. This item is optional.

NOTE: Items can not be split across lines.

LINE 3 - OPTIONAL for DTF and FIDO only

“edit” or “chi” or “nutotal” or “nuprompt”
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“edit” if present, indicates that edit reaction MT identifiers are to follow
on the next line. The first identifier in the list corresponds to the
first edit position within the data file and the second identifier to the
second position and so on. If fewer than itpos—3 values are entered,
then the last entry should be “end”. These edit numbers stay in effect
until changed. The MT identifiers listed in Table VIII have special
meaning to CRSRD and should be used to represent the reaction that
CRSRD associates with that identifier.

“chi” if present, indicates that chi values are to follow on the next line.
igrps chi values are then listed in free field input. It is assumed that
these chi values correspond to the first particle in the library. If fewer
than igrps values are entered, the last entry should be “end”. The
remaining values will default to zero. These chi values remain in effect
until changed.

“puprompt” if present, indicates that vprompt values are to follow on the next line.
igrps Vprompt values are then listed in free field input. It is assumed
that these Vprompt values correspond to the first particle in the library.
If fewer than igrps values are entered, the last entry should be “end”.
The remaining values will default to zero. These vprompt values remain
in effect until changed.

“nutotal” if present, indicates that vy values are to follow on the next line.
igrps Uiyt values are then listed in free field input. It is assumed
that these v4yq1 values correspond to the first particle in the library.
If fewer than igrps values are entered, the last entry should be “end”.
The remaining values will default to zero. These viy4q1 values remain

in effect until changed.

LINE 3 and associated data may be repeated for a given ZAID. For example,
there may be edit reaction MT identifiers, chi values, and v values all listed for a
single ZAID.

LINE 2 is repeated for as many isotopes as the user wishes. CRSRD will ter-
minate when an end-of-file has been reached on the input file. If title cards are
present, the order of the matid and associated data as listed in the input file does

not have to correspond to the order in which the data appear in the cross-section

file.
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4. Compiling CRSRD

CRSRD has been written in Fortran 77 and should compile easily on most plat-
forms. CRSRD is distributed in a form similar to MCNP and therefore must be
processed with the utility code PRPR before compiling. Instructions concerning
the use of PRPR can be found in the MCNP manual.

The *define directives used by PRPR for CRSRD are listed below.

lanl - necessary for processing MENDF formatted files - only applicable
at Los Alamos National Laboratory on CRAY UNICOS
cheap - for 32-bit machines
ibm - for IBM RISC machines
carter - if the Carter-Forest angular treatment is desired
morse - if the MORSE and/or RADAU angular treatment is desired
nos - for the NOS operating system
nosve - for the NOSVE operating system
cftlib - for the LANL Cray Fortran library
fortlib - for the LLNL Fortran library
vms - for the VMS operating system
hpux - for the HPUX operating system
dec - for the DIGITAL Unix/Ultrix operating system
cos - for the COS operating system
unicos - for the UNICOS operating system
unix - for the UNIX operating system
aix - for the AIX operating system
pedos - for IBM compatible Personal Computers
cray - for CRAY computers
When compiling with the lan! option on the LANL CRAYs, the user must link
with the cftlib library.

5. Discussion and Cautions

a. Edit Reactions

In order to tally reaction rates in MCNP using the FM card, the requested
reaction cross section must be available on the cross-section file. MCNP does not
automatically use the total cross section when an MT of 1 is placed on the FM
card. Rather MCNP looks at the list of available reaction cross sections for that

MT value and uses the associated data if it is available.
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CRSRD has been written to store certain data automatically as edit reaction data
on the Type 1 file. The list of MT values CRSRD uses for defining these default
edit reactions are listed in Table VIII for DTF and FIDO formats. If any of these
MT values appears in Section 3 of the input, then the default cross sections will not
be used for that edit; rather the requested edit position within the cross-section file
will be used.

Table IX lists the default edit MT values that are used for the MENDF format.
These are the only edits available for the MENDF formats as CRSRD cannot

currently read additional edit reaction data from another source.

TABLE VIII
A List of the Default Reaction MT Values that CRSRD
Uses When Processing DTF and FIDO Formatted Files

MT value Cross sections or data
used for this reaction

1 Total

18 Fission

901 Chi values

902 Prompt nu values

903 Total nu values

904 Total PO including scatter

to other particles

905 Absorption
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TABLE IX
A List of the Default Reaction MT Values that CRSRD
Uses When Processing MENDF Formatted Files

MT value Cross sections or data
used for this reaction

1 Total

2 Elastic scattering

4 (n,n’)

16 (n,2n)

17 (n,3n)

18 (n, F)
sum of 19, 20, and 21

19 (n,f)

20 (n,n'f)

21 (n,2nf)

102 (n,7)

103 (n,p)

107 (n,a)

905 Absorption

b. Cross-Section Incompatibility

sum of 102, 103, and 107

During setup and processing of the cross-section data, MCNP performs a check to
verify that all of the requested multigroup cross-section tables of the same particle

type are compatible. If they are not compatible, MCNP will terminate on a fatal

€ITor.

The following conditions must be met for cross-section tables to be compatible.

33



o Number of angular distribution variables must be equal
e Number of energy groups must be equal

e Number of upscatter groups must be equal

e Number of downscatter groups must be equal

e Difference in energy group centers and widths between two tables must be

less than 1.0E-06 times one of the values

o Number of groups for secondary particles listed in the production data must
equal the number of groups on the cross-section tables for the secondary

particle

e Difference in energy group centers and widths between those listed for the
secondary particles in the production data and those listed on the cross-
section tables of the secondary particle must be less than 1.0E-06 times the

latter value.

The first condition listed has consequences for a user who wishes to process a
cross section file that contains different Legendre orders when using the Carter-
Forest, Morse, or Radau treatments. CRSRD will process files containing different
Legendre orders without a problem if the user properly specifies the ipn values.
However, in MCNP, only cross sections of PO and P1 order can be mixed in an
input file if they were processed with the Carter-Forest or Morse treatments. For
higher order cross sections processed with these treatments the, Legendre order
must be identical for all of the isotopes used in an MCNP run. Cross sections
processed with the RADAU treatment that have different Legendre orders can not
be used simultaneously within MCNP. Likewise all cross sections used in MCNP
which were processed with the Maximum Entropy treatment must have the same
number of equal-probable bins. Further, all cross sections used in an MCNP run

must have been processed with the same angular treatment.

c. Atomic Weight Ratios
MCNP uses the atomic weight ratios listed in the top of the XSDIR file to convert

gram density to atomic density. The atomic weight ratios listed with each directory
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entry of the XSDIR file are used for various portions of the transport. In general,
these two atomic weight ratios should be equivalent.

The atomic weight which the user enters in the CRSRD input file is converted to
an atomic weight ratio, and this value is used in both locations within the XSDIR
file. There is one problem that may arise when CRSRD writes the MGDIRI file.
The problem is that the atomic weight ratio written on the directory entry and in
the top portion of the MGDIR1 file for the photon cross sections (separated from
a coupled neutron-photon library) may be incorrect.

The reason this problem arises is that MCNP can only use one photon cross
section per element, even though multiple isotopes of an element may be used
in the material definitions. In fact, when a user runs a coupled neutron-photon
problem, the only ZAIDs specified on the material cards are neutron ZAIDs. MCNP
automatically looks for the associated elemental photon cross sections. The photon
ZAIDs, therefore, have the form of natural elements. For example, the associated
photon ZAID for the neutron ZAID 92238 or 92236 would be 92000.

Due to the MCNP restrictions, CRSRD has been written to use only the first set
of photon transport cross-section data for a particular atomic number. Any data
for other isotopes having the same atomic number will not be used. This results
in only one photon cross-section set per element. The ZAID for this photon cross-
section set is derived from the ZAID for the isotope from which the cross-section
data was taken. Because the photon ZAID has the form 22000 where zz is the
atomic number, the value of the ZAID entered in the input file must be greater
than 1000.

In the input file there can be two atomic weights associated with each ZAID, and
that atomic weight is appropriate for that isotope. Since the photon ZAIDs are
for the elemental form of an isotope, the appropriate atomic weight should be that
of the naturally occurring form of the element. Since the photon ZAID is derived
from the first isotope of an element, the photon atomic weight of that isotope is
used for the atomic weight of the naturally occurring element. If the photon atomic
weight was not entered, then the neutron atomic weight is used. The later is clearly
incorrect, and therefore users should be aware of what they are doing.

The only time this would cause a problem is when a user wishes to run a photon-
only problem using the photon cross-section libraries derived from a coupled neutron
photon library. In this case, the user would have to manually alter the atomic weight
ratios in the MGDIRI1 file and on the Type 1 cross-section file if the neutron atomic

weights were used.
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Figure 1 is a portion of an MGDIR1 file that was created by CRSRD during the

processing of a coupled neutron-photon library.

G. Examples

Figures 2, 3, and 4 are examples of input files to process DTF, FIDO, and
MENDF formatted files, respectively. These are only examples, and additional
or alternative options could be used. Figures 5 and 6 are examples of the DTF and
the fixed-field FIDO formats for those users not familiar with these formats.

atomic weight ratios
1001  0.999167 1002 1.996800 1003  2.990139 2003  2.990120
2004 3.968218 3006 5.963450 3007 6.965734 1000 0.999242
2000 3.968513 3000 6.881373

directory
09/27/93
1001.50m 0.999167 Typel 0 1 1 14767 0 O 0.0000E+00
1002.55m  1.996800 Typel 0 1 3705 9221 0 0 0.0000E+Q0
1003.50m 2.990139 Typel 0 1 6023 7545 0 0 0.0000E+00
2003.50m 2.990120 Typel 0 1 7922 5921 0 0 0.0000E+Q0
2004.50m 3.968218 Typel 0 1 9415 5567 0 0 0.000QE+0C
3006.50m 5.963450 Typei 0 1 10819 8586 0 0 0.0000E+00
3007.55m 6.9565734 Typel 0 1 12978 8687 0 0 0.0000E+00
1000.50g  0.999242 Typel 0 1 154082 2478 0 O 0.0000E+00 1001 +

0.999167 1002 1.996800 1003 2.990139

2000.50g 3.968513 Typel 0 1 164714 2478 0 0 0.0000E+00 2003 +
2.990120 2004  3.968218

3000.50g 6.881373 Typel O 1 1556346 2478 0 0 0.0000E+00 3006 +
5.963450 3007 6.955734

Fig. 1. This is a portion of an XSDIR file created from a

coupled neutron-photon library.
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xs118f dtf

ilen=10 itpos=4 ispos=5 ititl=1 typel=hr.dat

iengb=1 iincp=1 16 1

ibali=1 16 ipn=0 iang=0

energy

20.0 3.0 1.4 0.9 0.4 0.1 17e-3 3e-3 0.556-3 100e-6 30e-6 10e-6 3e-6
1e-6 0.4e-6 0.1e-6 0.0

materials
AL 13100.05 26.98154
B 6100.056 10.81000

Fig. 2. This is an example of a CRSRD input file used to

process a neutron cross-section file in DTF format.

bugle fido

ilen=70 itpos=3 ispos=4 ititl=0 i2lpi=1 iengb=1

iball=2 47 20 nabs=0 iproc=1 iincp=2 47 20 1 2

typel=bgl.dat iang=0 ipn=3

energy

17.333 14.191 12.214 10.0 8.6071 7.4082 6.0653 4.9659

3.6788 3.0119 2.7263 2.4660 2.3653 2.3457 2.2313

1.9205 1.653 1.3634 1.0026  .82085

.T4274 .6081 .49787 .36883 .2972 .18316 .11109 .067379

.049868 .031828 .026058 .024176 .021875 .015034

.0071018 .0033546 .0015846 .000454 .00021445 .0001013 .000037267 .000010677

.0000050435 .0000018554 .00000087642 .000000414 .0000001
.00000000001

14.0 10.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.5 1.0 0.8 0.7

0.6 0.4 0.2 0.1 0.06 0.03 0.02 0.01

materials

1001.25 1.0078

5010.25 10.0129

8016.25 15.9949

Fig. 3. This is an example of a CRSRD input file used to
process a coupled neutron-photon cross-section file in
FIDO format.
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mendfs MENDF

iincp=2 30 12 1 2 iang=0 nabs=1 nall=0 nchi=1

materials

1001.50 patw=1.0079

1002.55
1003.50

2003.50 patw=4.0029

2004.50

3006.50 patw=6.941

3007.56

Fig. 4. This is an example of a CRSRD input file used to

process a coupled neutron-photon cross-section file in

MENDF format.

.8853E-05
.0000E+00
.0000E+00
.0000E+00
.0C00E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+Q0
.0000E+00
.3613E-01

N OO O0OO0OOO0OO0OOOOON

Fig. 5.

0 +28853- ¢ 0 +

.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+0Q0
.9189E-02

B OO0 00000000

0O O0OOO0O0O0OO0O0O0O0OoOO0m

.4084E-01
.0000E+00
.0000E+00
.0000E+00
. 0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.1448E-02

This is a portion of a

file that has title cards.

.T907E-02
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
. 0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00

CO0O 0000000 O0OOWw

CWO O OO0 OO O OO

.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0210E-05
.0000E+00

OO0 0000000000

. 0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00

DTF formatted cross-section

0+ 0+ 0 0 +73613- 5 0 +49189- 6 0 +81448- 6

0+ 0 0 +64084- 5 0 +37907- 666r+

0+ 0 0 +30210- 9

Fig. 6. This is a portion of a FIDO formatted cross-section
file that does not have title cards. The data shown

here is identical to the data in the previous figure.



H. MCNP Cautions

In certain circumstances, MCNP can give fatal errors when photon cross sections
that were processed with CRSRD are used.

One of these errors has to do with electron cross sections. By default, MCNP uses
a thick target bremsstrahlung treatment in the continuous energy transport. When
this treatment is used, MCNP must be able to find the electron cross sections
through the XSDIR file. The XSDIR file (MGDIR1) created by CRSRD does
not have these electron cross sections listed. Therefore, when a photon or coupled
neutron-photon problem is run with MCNP using the multigroup cross sections and
the XSDIR file generated with CRSRD, a fatal error will occur. The solution to
this problem is to turn off the thick target bremsstrahlung by placing the following
card in the input file.

PHYS:PJ1

It should be noted that even though the electron cross sections ar